Abstract. We numerically investigate the optical properties of the multilayer SERS structures. It includes the substrate layer, the adhesion layer and the composite layer which is consisting of the metallic nanoparticles embedding in the host metallic or dielectric layer. Under the quasi-static approximation, the effective dielectric constant of the composite layer is explored. Its enhanced electric field and the wave prorogating properties are fully explored with the aid of the Fresnel's equations. Our numerical results illustrate that the volume fraction of the metallic nanoparticles and the dielectric properties of the host medium can greatly affect the optical propagating properties (absorbance and the reflectance). Moreover, enhanced local electromagnetic field can be obtained with the metallic (gold) host medium other than the dielectric (TiO2). Thus, our multilayer SERS substrate with excellent controllable enhanced local electric filed endorsed us another degree to engineer the optical transmission. It is a promising candidate in the SERS biosensors applications.
Introduction
Surface-enhanced Raman spectroscopy (SERS) discovered in 1974 has emerged as a promising sensing tool in complex biological system [1] [2] [3] [4] . The sensing principle relies on the shift of the plasmonic resonance caused by the surrounding dielectric environmental [5] . Surface plasmon indicates a resonant electromagnetic wave, where oscillating electromagnetic field incident on the nanoparticle, the conduction electrons associated with the metal begin to oscillate at the same frequency. This resonance effect accompanies with the locally enhanced electromagnetic fields occurs around the corner or surface of metal plasmonic active nanostructures that are smaller than the wavelength of the incident radiation. Due to their small size effect and tunable surface plasmonic resonance, metallic nanoparticles yield a wide range of applications in chemical and biological sensors, plasmonic system and so on [6] .
SERS substrate is the keystone to apply its sensing detection ability. Resort to the help of metallic nanostructures, SERS substrate can be fabricated with the incorporation of nanoparticles, nanofilm or nanoarrays. It can be modulated with molecular recognition motifs to render diagnostic tools for optical imaging and therapeutic studies [7] [8] [9] [10] . Recently, a novel hybrid spectroscopic technique combining surface plasmon resonance with SERS is proposed, which can complement each other to provide rapid and quantitative detection of unknown analytes binding to a gold substrate [11] . Incorporating the surface plasmon resonance of metallic nanostructures, we study the multilayer SERS substrate, the sensing detection of the molecules setting right above the composite metal layer. Chromium adhesion layer is commonly used as the dielectric substrate materials. Resort to the effective medium theory, the effective dielectric constant of the composite layer is investigated. By using the transfer matrix method, we numerically explore the enhanced electric field and controllable propogation properties in the multilayer structure. Controlling over the plasmoic SERS effect is discussed with the composite layer. composite layer, which is shown in Figure 1 . For the composites layer, the metallic nanoparticles (gold or silver) suspend in the host medium. To apply the SERS detection with our multilayer structure, the chemical bond attaching with the molecules is deposited on the top layer. In our numerical calculation thickness of the adhesion layer is taken as 3 nm and that of the composite layer is 44 nm [5] . For the composite layer the effective dielectric constant is calculated with the effective medium theory [10] . It describes the metallic nanoparticles embedded in the host medium under the quasi-static approximations. The effective linear dielectric constant of composite layer under present consideration () e can be obtained by the Maxwell-Garnett approximation.
p is the volume fraction of the nanoparticles in the composite suspension. 
is the discrete values of the frequency. The local enhanced field for the detection of the probe molecule is written as
The intensity of the Raman scattered radiation is proportional to the square of the magnitude of any electromagnetic fields incident on the analyst. Resorting to the boundary conditions, namely, the continuity of the tangential magnetic field and the normal component of the electric excitation, the transfer equations can be listed out in the multilayer system based on the transfer matrix method. In the th layer, the incoming and outgoing electric filed through the neighboring (i+1)th layer can be written as the following equation 
Results and Discussion
In this section, we present our numerical results (figures 2-4) of multilayer SERS structure. Specifically, metallic nanoparticles suspend in dielectric /metallic medium are investigated. Figure 2 illustrates the real and imaginary part of the effective dielectric constant of three different composite layers (Ag@TiO 2 , Au@TiO 2 , Ag@Au) as a function of incident wavelength from 200 nm to 800 nm.
Here we take the volume fraction of the nanoparticles as 0.45. The real and imaginary part of the effective dielectric constant of the composite layer can be greatly affected when the suspended nanoparticles silver or gold is included in dielectric medium. Moreover, the host medium has a significant effect on the effective permittivity. Enhanced absorption can be obtained when the metallic nanoparticles embedded in the host metallic medium, which was shown as blue curve in Figure 2 (b). In this case, we set the host medium is the dielectric TiO 2 layer. The results illustrate that decreased p can induce larger electromagnetic field intensity. Moreover, the absorbance can be greatly enhanced with a larger p. Thus, our numerical results show that the composite layer plays an important role in the multilayer SERS substrate to achieve the enlarged local electromagnetic field. The comparison of the SERS enhancement and propagating properties for different host medium is shown in Fig. 4 . Here we set the host medium 2  as 1.0, 2.0 and 3.0 respectively. Enhanced intensity can be obtained when the host medium 2  got increased. The absorbance and reflectance can also be tuned with varied 2  Now we are in a position to consider the metallic host medium effect on the multilayer SERS structure. It is clearly observed that significantly enhanced local magnetic field can be obtained in the bimetallic composite layer. It is two orders of magnitude higher than that in the dielectric medium. More precisely, local electromagnetic filed is close to 900 when the p is taken as 0.15. It was caused by the hybridization effect of the local plasmonic resonant of the nanoparticles and the propagating effect of the metallic layer. Moreover, the peak of absorbance and reflectance move to the large incident angle region when the volume fraction of the metallic nanoparticles p is approaching 0.45. Our results reveal that enhanced and tunable SERS intensity can be achieved by properly selection of the volume fraction and host medium in the composite layer.
Summary
In summary, we report a novel multilayer SERS substrate, which is consisting of the metallic silver or gold nanoparticles in the host dielectric or metallic medium. The local electromagnetic field, the reflectance and transmittance of our novel substrates are calculated with the effective medium theory. With the change of the volume fraction metallic nanoparticles or the dielectric host medium, our SERS probes are based on the enhancement electromagnetic field caused by the proximity of Raman active signature molecules to the surface of metal nanoparticles. This work demonstrates that, when the nanostructures are properly designed, enhanced and tunable Raman signal can be obtained.
